The aims were to compare the efficacy and tolerability of a new benzene-poly-carboxylic acids complex with cis-diammineplatinum (II) dichloride (BP-C1) versus placebo and to investigate the long-term tolerability of BP-C1 in the treatment of patients with metastatic breast cancer. Material and methods: A randomized, double-blind, placebo-controlled multicenter study was performed with a semi-crossover design. Patients allocated to placebo switched to BP-C1 after 32 days of treatment. Patients who completed 32 days of BP-C1 treatment were offered the opportunity to continue on BP-C1 for an additional 32 days in an open-label extension. Patients were then followed up for another 28 days. Thirty patients were given daily intramuscular injections of 0.035 mg/kg of body weight BP-C1 or placebo for 32 days. Biochemistry, hematology, National Cancer Institute Common Terminology Criteria for Adverse Events (CTC-NCI), European Organisation for Research and Treatment of Cancer quality of life questionnaire (QOL-C30 and the breast-cancer-specific BR23) data were recorded at screening and after every 16 days of treatment. Computed tomography was performed at screening and every 32 days. Results: The sum of target lesions increased 2.4% in the BP-C1 group and 14.3% in the placebo group. Only the increase in the placebo group was significant (P=0.013). The difference between the groups was significant in favor of BP-C1 (P=0.04). There was a significant difference (P=0.026) in favor of BP-C1 regarding Response Evaluation Criteria In Solid Tumors (RECIST) classification. The sum of lesions increased slightly in the patients receiving 64 days of continuous BP-C1 treatment, of whom 68.4% were classified as responders. The sum CTC-NCI toxicity score increased nonsignificantly in the BP-C1 group but significantly in the placebo group (P=0.05). The difference in increase between groups did not meet the level of significance (P=0.12). The sum toxicity score was reduced in the patients receiving 64 days of BP-C1 from 9.2 at screening to 8.9 at Day 48, but it increased again to 10.1 by Day 64 and 10.6 during the 28-day follow-up. "Breast cancer-related pain and discomfort" and "Breast cancer treatment problem last week" were significantly reduced (P=0.02) in the BP-C1 group but increased slightly in the placebo group; between-group differences were significant in favor of BP-C1 (P=0.05). "Breast cancer related pain and discomfort", "Breast cancer treatment problem last week," and "Physical activity problem" were significantly reduced during the 64 days of BP-C1 treatment (P#0.05). Conclusion: For patients suffering from stage IV metastatic breast cancer, treatment with BP-C1 reduces cancer growth, is well tolerated, improves quality of life, and produces few adverse events, which were mainly mild and manageable.
Introduction
Breast cancer is a nonhomogeneous disease with variations in its biological profile and prognosis. Prognostic factors for the individual patient should be based on various biological markers, such as described by Goldhirsch et al. 1 Other important prognostic factors are tumor size, age of the patient, histological grade, and lymph node involvement or blood-borne metastases. Stage IV (approximately 30% of all cases), [2] [3] [4] [5] or advanced, metastatic breast cancer (MBC) is a condition in which the cancer has metastasized to one or more other organs of the body. Stage IV MBC is considered incurable, but many treatments are available. Thus, chemotherapy is used in patients with triple-negative breast cancer, in patients no longer responding to hormone therapy, and to patients suffering from life-threatening metastases, either alone [6] [7] [8] [9] [10] or in various combinations. 11, 12 A new agent containing benzene-poly-carboxylic acids complex with cis-diammineplatinum (II) dichloride, BP-C1, has recently been introduced as a cost-beneficial treatment with increased efficacy and low toxicity for patients with stage IV breast cancer. As such, BP-C1 is also suitable for treatment of MBC in the third world. 13 Preliminary data from a previous study showed that BP-C1 has a huge ability to stop tumor growth in these patients without causing any serious toxicity or increase in toxicity 14 other than mainly mild transient side effects that can easily be managed. The aims of this study were to compare the efficacy and tolerability of BP-C1 versus placebo during 32 days of continuous treatment in patients suffering from MBC and to estimate the long-term tolerability and efficacy of BP-C1 in the treatment of MBC.
Material and methods
The study population consisted of female patients suffering from histologically verified breast cancer classified as stage IV with measurable metastasis (ie, MBC), who were between 18-80 years of age, who had previously undergone at least third-line chemotherapy, and had an expected survival time of at least 3 months. Patients were excluded if they had bilirubin .34 µmol/L or alanine aminotransferase .3 times the upper limit of normal, serum creatinine .120 µmol/L, hemoglobin ,6.0 mmol/L, platelet count ,100,000/mm 3 or leukocytes ,3×10 9 /L, or had an abnormal coagulation capacity. Additionally, patients with verified brain metastasis, synchronous cancer, clinically significant abnormal electrocardiograph (ECG) results, or a Karnofsky Performance Status Scale (KPSS) score ,60% were not included; patients under systemic treatment with corticosteroids or other immunosuppressive drugs the last 21 days and patients with uncontrolled bacterial, viral, fungal, or parasite infection were also excluded.
Design and randomization
The first part of the study was performed as a randomized, double-blind, placebo-controlled multicenter trial with a stratified semi-crossover design (Figure 1 ).
14 Age group and center were used as stratification factors. The patients within each stratum were allocated 1:1 to BP-C1 or placebo for 32 days by block randomization, with a random block size between four and eight. 15 The randomization code was broken after 32 days and the patients allocated to placebo were crossed over to BP-C1 treatment for an additional 32 days. In case of clinically detected disease progression during the first 32 days, the patient could be directly crossed to BP-C1.
The second part of the study was an open-label multicenter trial with one treatment group. The patients who completed 32 days of BP-C1 treatment with maximum moderate increase in toxicity and clinical benefit from the treatment were offered participation in the second part of the study. All the patients were given the same BP-C1 dose as in the previous treatment sequence, for an additional 32 days.
The main variables were percent change in the total size of target lesions measured by computed tomography (CT) using the Response Evaluation Criteria In Solid Tumors (RECIST) v1.1 criteria, and tolerability measured and classified according to the National Cancer Institute Common Terminology Criteria for Adverse Events Toxicity Criteria (CTC-NCI) v2.0. Quality of life (QOL) was measured using the European Organisation for Research and Treatment of Cancer (EORTC) quality of life questionnaire (QLQ-C30) and the EORTC quality of life breastcancer-specific questionnaire (QLQ-BR23). The QOL variables were developed from the QOL questionnaires as recommended. The sum of scores within each of the three parts in the QLQ-C30 and QLQ-BR23 questionnaires resulted in the six variables "Physical activity problems," "Discomfort last week," "Health and life quality," "Problems related to the breast cancer treatment last week," "Sexual interest and activity in the last 4 weeks," and "Breast cancer-related pain and discomfort last week." Additionally, KPSS was recorded.
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rCT of BP-C1 for the treatment of metastatic breast cancer place after 16 and 32 days of treatment, denoted as Day 16 (16±2 days) and Day 32 (33±1 days), respectively. Blood sampling for laboratory examination was conducted and CTC-NCI, KPSS, adverse events (AEs), and QOL questionnaires were collected and recorded. CTs of the chest and abdomen were performed at Day 32. If clinical signs of disease progression were seen during the treatment period, an additional CT was performed. Patients were classified as complete responders, partial responders, stable disease (SD) or progressive disease (PD) in accordance with the RECIST procedure.
At the end of the 32-day treatment period, the randomization code was broken and patients originally allocated to the placebo group were switched to an additional 32 days of BP-C1 treatment and followed up in the same way as prescribed for the first treatment period. The patients in the original BP-C1 group who showed clinical benefit from the treatment and whose CTC-NCI score increased no more than moderately were offered an opportunity to continue for an 
study procedures
Patients who met the inclusion criteria and who gave their written consent to participate entered into a screening phase of up to 21 days. During this period, the patients were clinically investigated to ensure they met the inclusion criteria, and laboratory screening was performed in order to ensure that patients were not disqualified by the exclusion criteria. During the screening phase, CTs of the chest and abdomen were performed and, if bone or brain metastases were suspected, magnetic resonance images were taken. Additionally CTC-NCI, KPSS, QLQ-C30, and QLQ-BR23 ratings were recorded.
The trial treatment started at the end of the screening period, denoted as Day 1. Each patient was given an identification number, which hid the treatment randomization code. The trial injections started at Day 1 and the patients received one daily intramuscular injection for 32 days. The cumulative BP-C1 dose was 1.12 mg/kg of body weight (BW). This represents a daily dose of 0.035 mg/kg BW or 0.07 mL/kg BW. Clinical and laboratory examination took 
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larsen et al additional 32 days of BP-C1 treatment. All of the included patients were followed up 28 days after the final injection. New CTs of the chest and abdomen were taken and blood samples for laboratory examination were drawn; CTC-NCI, KPS, AEs, and QOL questionnaires were collected and recorded.
statistical analysis
All assumed continuously distributed variables are expressed as mean (standard deviation) and 95% confidence intervals (CIs) constructed in accordance with the Student procedure. 16 Discrete and categorical variables are expressed in contingency tables. 17 Changes in discrete variables are given in cross-tables. In case of missing observations, the Last Observation Carried Forward procedure was used. [18] [19] [20] [21] Based on the assumption that BP-C1 is at least as efficient as placebo, all comparisons between groups are one-tailed. Differences were considered significant at P,0.05. Comparison of the treatment groups with regard to the assumed continuously distributed variables was performed by analysis of covariance with the stratification factors and the initial observation as covariates. 19 .
Contingency table analysis was used for comparison of the groups with regard to discrete and categorical variables.
Results
The study sample for the first part of the study consisted of 30 female MBC patients with a mean age of 56. (Table 1 ). All patients had previously undergone at least third-line chemotherapy and several other available types of cancer treatment. Upon randomization, 15 patients were allocated to BP-C1 and 15 to placebo for 32 days. In the BP-C1 group, ten patients had a general condition classified as "good" and five as "fair". Ten patients had an abnormal ECG and four had an enlarged liver. In the placebo group, the general condition was classified as "good" in eleven patients and "fair" in five. An abnormal ECG was discovered in ten patients and five had an enlarged liver. The two groups were clinically comparable with regard to all the initially recorded baseline characteristics, previous cancer treatments, and clinical findings ( Table 1) .
The study sample for the second part of the study included 19 female MBC patients with a mean age of 57.1 years 2 ). All patients had previously undergone breast cancer surgery and at least three sequences with chemotherapy and hormone therapy ( Table 1 ). The general condition was "good" in 13 patients and "fair" in six. Abnormal ECGs were discovered in 12 patients, and six patients had an enlarged liver.
Tumor growth and reCisT BP-C1 versus placebo
The sum of lesions increased from 76.0 (95% CI =55.3-96.7) to 77.1 (95% CI =56.5-97.7) in the BP-C1 group and from 69.7 (95% CI =54.6-84.8) to 78.3 (95% CI =91.7-94.8) in the placebo group during the first 32 days of treatment ( Figure 2A ). This represents an increase of 2.4% (95% CI =−3.9 to 8.8) in the BP-C1 group and 14.3% (95% CI =2.3-26.4) in the placebo group. Only the increase in the placebo group was significant (P=0.013). The difference between the groups in sum lesion increase was significant in favor of BP-C1 (P=0.04). Additionally, a significant difference (P=0.026) was detected in favor of BP-C1 regarding classification in accordance with the RECIST criteria 1.1 ( Table 2 ). The patients in the placebo group were switched to active BP-C1 treatment for an additional 32 days, and the sum of lesions increased thereafter to 85.0 (95% CI =65.5-104.5). This represents a significant increase of 11.4% (95% CI =1.6-21.2). Three PD patients under placebo treatment were reclassified as SD during the additional BP-C1 treatment.
extended BP-C1 treatment
In the group of patients receiving 64 days of continuous BP-C1 treatment, the sum of lesions increased nonsignificantly from 72.0 (95% CI =56.6-87.4) to 79.6 (95% CI =63.2-95.9) (Figure 2B ). From the end of treatment to the final examination 28 days later, the sum of lesions increased further to 82.2 (95% CI =65.4-98.9). Thirteen patients were classified as SD and six as PD. The maximum CTC-NCI score increased in three patients and decreased in two patients during the 32 days of BP-C1 treatment. In the group treated with placebo, the maximum CTC-NCI score increased in one patient and decreased in one patient during the same treatment period. In the placebogroup patients who later crossed over to BP-C1 treatment for an additional 32 days, the maximum CTC-NCI score increased in two patients and decreased in two patients. One of the patients from the placebo group did not complete the additional 32 days of BP-C1 treatment.
The mean sum CTC-NCI score in the BP-C1 group increased nonsignificantly from 9.0 (95% CI =6.0-12.0) at screening to 10.4 (95% CI =6.2-13.6) after 32 days of treatment ( Figure 3A) . In the placebo group, the sum CTC-NCI score increased significantly (P=0.05) from 10.1 (95% CI =6.4-13.7) to 12.5 (95% CI =7.3-17.6) during the same 
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rCT of BP-C1 for the treatment of metastatic breast cancer 32-day treatment period. These changes represent increases of 13.6% (95% CI =−8.8 to 36.0) in the BP-C1 group and 27.7% (95% CI = −3.3 to 58.7) in the placebo group during the first 32 days of treatment. The results were in favor of BP-C1, but the difference in increase did not meet the level of significance (P=0.12).
Once the patients in the placebo group were switched to BP-C1 treatment, the sum CTC-NCI score reduced slightly from 12.5 to 12.2 (95% CI =5.3-19.0) during the second 32 days of active treatment.
extended BP-C1 treatment
The maximum CTC-NCI score increased in three patients and decreased in two during 64 days of BP-C1 treatment. During the 28 days follow-up after end of treatment, maximum CTC-NCI score increased in three patients and decreased in one.
The mean sum CTC-NCI score was reduced from 9.2 (95% CI =6.2-12.1) at screening to 8.8, 8.6, and 8.9 (95% CI =6.1-11.8) after 16 days, 32 days, and 48 days of treatment, respectively ( Figure 3B ). From Day 48 to Day 64, the mean sum CTC-NCI increased again to 10.1 (95% CI =7.5-12.7) and further to 10.6 (95% CI =7.7-13.5) during the 28 days follow-up after end of treatment. None of these changes were significant.
adverse events
Sixteen mild and six moderate AEs were classified as "possibly" or "probably" related to the BP-C1 treatment (Table 3 ). In the placebo group, six mild and two moderate AE were classified as "possibly" or "probably" related to the treatment.
Quality of life questionnaires BP-C1 versus placebo
"Breast cancer-related pain and discomfort last week" was significantly reduced (P=0.02) in the BP-C1 group and slightly increased in the placebo group during the initial 32 days of treatment (Table 4) . Comparison of the groups detected a significant difference in change of "Breast cancerrelated pain" in favor of BP-C1 (P=0.05). A similar pattern was detected for "Breast cancer treatment problems last week." This variable was significantly reduced in the BP-C1 group (P=0.02) and slightly increased in the placebo group. "Discomfort last week" increased in the placebo group (P=0.07) but stayed nearly constant in the BP-C1 group. "Sexual interest and activity in the last 4 weeks" increased slightly in the BP-C1 group but reduced slightly in the placebo group. No significant changes within groups and between groups were detected. "Physical activity problems" and "Health and life quality" were unchanged in both groups during the 32 days of treatment (Table 4) .
expanded BP-C1 treatment "Breast cancer related pain and discomfort last week", Breast cancer treatment problem last week" and "Physical activity problem" (Table 5 ) significantly reduces during the 64 days of BP-C1 treatment (P#0.05). Additionally, "Discomfort last week" was reduced but not significantly (P=0.08).
Karnofsky Performance status scale BP-C1 versus placebo
Except for one patient in the BP-C1 group, all the patients had a KPSS score of 80 or higher. During the first 32 days of BP-C1 treatment, KPSS score was reduced from 90 to 80 in two patients and from 100 to 90 in one patient. In the placebo group, KPSS score was reduced from 80 to 70 in one patient and from 90 to 80 in one patient.
After the switch to BP-C1 for the placebo group, the KPSS score was reduced from 80 to 70 for two patients, from 90 to 80 for one patient, and from 100 to 90 for one patient. No significant differences between groups or changes within groups were detected.
expanded BP-C1 treatment
During the 64 days of BP-C1 treatment, KPSS was reduced from 90 to 80 in two patients, from 100 to 90 in one patient, and from 100 to 80 in one patient. The reduction was not significant.
Discussion
This trial demonstrated that, compared to placebo, BP-C1 controls tumor growth in patients suffering from stage IV metastatic breast cancer, significantly reduces total toxicity, and significantly improves quality of life. Treatment with BP-C1 is effective and very well tolerated and produces only very few and mild transient adverse effects. Furthermore, BP-C1 can safely be given continuously over 64 days Table 4 Comparison between groups and development within groups with regard to the sum of scores within each of the three parts of the QlQ-C30 and QlQ-Br23 
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rCT of BP-C1 for the treatment of metastatic breast cancer without any serious AE or significant increase in AEs or toxicity. Another major advantage of BP-C1 is that it can be administered in the home of the patient, thereby avoiding the frustrations associated with treatment in an outpatient clinic, such as waiting for blood sampling, waiting for results, waiting for the actual treatment, and meeting and receiving treatment from different staff members. 21 Thus, this new drug produces promising results in patients with stage IV MBC, and so far the results are strikingly positive with a large potential impact for the patient and thereby also for their relatives, which has not been seen in previous cancer medicine studies.
Five per cent of newly diagnosed cases of breast cancer are metastatic, and 30% of treated patients experience a systemic recurrence. 22 The rates of systemic recurrence vary within different trials, but generally distant metastases are dominant.
14 Systemic treatment of breast cancer is available in various modalities, yet the use of palliative systemic therapy for MBC is challenging. The treatment should control the tumor growth and potential side effects should be easy to treat; ideally, the treatment should improve the quality of life of the patients in general. Such an ideal agent has not been available. However, BP-C1 seems to fulfill such demands to be used as a palliative treatment of stage IV MBC. The prognosis for patients with MBC is poor, with a 5-year survival rate of about 20%. Thus, MBC is a substantial problem for women with breast cancer. 22 In the present study a group of patients with histologically verified MBC were treated with BP-C1 regardless of the patients' tumor characteristics (receptor status, differentiation), and previous treatment. All patients had been treated with at least third-line treatment. End points were tumor control according to RECIST 1.1 criteria, toxicity, and quality of life according to EORTC and CTC-NCI. In a nonrandomized multicenter Phase I trial with 3-level Response Surface Pathway carried out in the Far East, BP-C1 was able to show a 62.5% response rate, including one complete responder, among patients treated with high doses of BP-C1 compared to 28.6% in a lowdose group. BP-C1 was daily administered intramuscularly for 32 days. Minimum Efficacy Cumulative Dose was estimated to 0.96 mg/kg BW and defined the lower limit of the high-dose group. 13 The main compound in BP-C1 is BP-Cx-1 which has the ability to be able to penetrate the cell membrane and thereby penetrate into the cytoplasm. 23 From the cytoplasm, BP-Cx-1 penetrates into the cell nuclei. BP-C1 seems also to possess the ability to complex with and transport metal ions across membranes -a so-called membranothropic effect. 23 Because of its ionophoric characteristics, it has a wide application in chemistry and biology. It can be supposed that the ability of benzene-polycarboxylic acids to penetrate into cell nuclei can be relevant for understanding of the mechanism of action of BP-C1 towards malignant tumors.
Furthermore, it was recently shown that exposure of human breast cancer cells (MCF-7 and T47-D) to BP-C1 significantly reduced cell viability, induced apoptosis, and activated caspase 8 and caspase 9. Moreover, gene expression experiments indicated that BP-C1 increased the expression of proapoptotic genes (CASP8AP, TNFRSF21, NFkB2, FADO, BCL10, and CASP8) and lowered the level of mRNA of inhibitory apoptotic genes (BCL2L11, BCL2L2, and XiAP). 24 Furthermore, BP-C1 has been shown to have an immune-modulating effect that may contribute to the anticancer effect of this compound and its parent compound BP-Cx-1. The effect of the two compounds was investigated on human peripheral blood mononuclear cells from healthy donors using different immunological tests reflecting the major functions of the main cells of the immune system -lymphocytes and monocytes. It was demonstrated that monocytes are the major cells responding to BP-C1 and BP-Cx-1. Activation of monocytes leads to two major effects: 1) a significant production of cytokines (tumor necrosis factor-α, interferon-γ, granulocyte macrophage colony-stimulating factor, interleukin (IL)-1β and IL-6) that are able to increase antitumor activity of lymphocytes, and 2) activation of the ability of monocytes to inhibit tumor cell growth. In addition, direct effect on lymphocytes was also demonstrated, exemplified by a significant induction of production of IL-25. No release of IL-10, IL-12, or tumor necrosis factor-β was observed, ie, no cytokine storm was observed. The new anticancer agent and its carrier molecule BP-C1 and BP-Cx-1 are able to activate multiple immunological mechanisms of antitumor response. No cytokine storm could be demonstrated. 25 MBC carries a poor prognosis and the treatment has so far been limited to chemotherapy with all of its well-known side effects. [26] [27] [28] [29] [30] [31] This trial demonstrates that this new anticancer agent BP-C1 can treat patients with MBC successfully by controlling tumor growth, thereby improving quality of life with none or very few mild transient adverse effects. BP-C1 represents a unique opportunity in the treatment of this group of extremely sick patients.
BP-C1 is classified as a class 2 drug in the production chain, and patients with severe breast cancer disease and metastases have therefore been treated in their homes by a visiting nurse without any problems. Most of the patients experienced treatment at home as a very positive event, especially that they were not confronted with sick patients, which these patients experienced as a severe relief.
Conclusion
We have tested a drug that prevents advanced breast cancer from worsening, potentially providing an important new treatment option for women suffering from MBC and their families. This agent deserves an adaptive registration by the regulatory bodies so more clinical trials can be carried out until final registration can be obtained. Thus, larger studies on the effect of BP-C1 depending on receptor status of the tumor cells must be carried out under the timeframe of an adaptive registration. Finally, it can also be concluded that BP-C1 increases QOL significantly in patients with stage IV breast cancer without any increase in toxicity and that the substance can safely be administered continuously for 64 days.
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